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Abstract 

Background: A natural and cheap way of increasing children's physical activity is stimulating unstructured outside 
play. 

Purpose: This study examined whether characteristics of the family and perceived physical environment were 
associated with the duration of children's outside play. 

Methods: Parents participating in the "Be Active, Eat Right" cluster RCT control group (N = 2007) provided information 
on potential predictors of outside play (i.e. family and perceived physical environment) of their 5-year-old child by 
questionnaire. Child outside play was assessed by parental reports both at five and seven years. Linear regression 
analyses, adjusted for seasonality, were performed to evaluate associations between potential predictors and child 
outside play. Linear mixed models were fitted to evaluate the relationship between potential predictors and the 
development of outside play over two years, with season entered as a random factor. 

Results: Family environment was the strongest construct predicting child outside play, while parent perceived 
physical environment had no significant association with child outside play. Parental habit strength and the 
presence of rules were the strongest predictors of increased outside play. Parent perceived difficulty in improving 
child outside play was the strongest predictor of decreased outside play. 

Conclusion: Family environment predicted child outside play and not perceived physical environment. Parental 
rules and habit strength regarding improving outside play were associated with an improvement of child's 
engagement in outside play. 



Background 

A natural and cheap way of increasing children's physical 
activity (PA) is by stimulation of outside play, defined as 
play behavior without any given tasks or goals; unstruc- 
tured free play. Child outside play (OP), as a specific type 
of PA behavior, has been shown to increase a child's total 
PA level [1,2] and children who spent more time outdoors 
were shown to be more active than children who spent 
less time outdoors [3-5]. Recommendations from an ex- 
pert committee on the prevention of childhood obesity 
acknowledge unstructured play as most appropriate to 
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increase PA in young children [6]. OP is also positively 
associated with children's social skills as they learn to 
account for other children [7-9] and provides children 
with opportunities to acquire new motor skills such as 
climbing, jumping, hanging and sliding in a self-regulatory 
way [10]. Studies have shown that relatively minor ad- 
justments to school playgrounds lead to increases in 
PA, which makes OP relatively modifiable [11]. In order 
to enable effective increasing of child's engagement in 
this promising type of PA behavior, determinants of this 
behavior should be assessed. 

Previous studies mainly focused on determinants of PA 
in general. These studies found that gender (i.e. male), 
child's PA enjoyment, and summer and spring season 
were consistently related with higher levels of PA in 
children [12]. There may be specific determinants for 
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OP as a specific type of children's PA behavior, however 
studies focusing on determinants of OP specifically are 
scarce. Currently, two studies have specifically exam- 
ined determinants of OP, also investigating attributes of 
the physical environment (PE). A cross-sectional study re- 
ported that lower parental education and the importance 
parents ascribe to OP were associated with more OP in 4- to 
12-year-old children [13]. A longitudinal study reported that 
children's outdoor tendencies and parental encouragement 
were related to increases in OP across a time span of five 
years [14]. Both studies indicate that family environment 
may play an important role in child's duration of OP. 

Studies that incorporate a longitudinal design and use a 
broader range of environmental variables (e.g., parent per- 
ceived safety) to identify determinants of OP are warranted 
[14]. Therefore, the present study examined whether the 
family environment and perceived PE are associated with the 
duration of children's OP behavior, acknowledging the poten- 
tial role of gender and seasonal variety and using a broad 
range of variables covering both the family environment and 
perceived PE. 

Methods 

Study design and population 

The present study was embedded in the "Be Active, Eat 
Right" study, a cluster RCT investigating the effect of an 
overweight prevention protocol described in detail else- 
where [9]. The Medical Ethics Committee of the Erasmus 
University Rotterdam Medical Center approved the study 
protocol (reference number MEC-2007-163). All parents 
provided written informed consent. 

This study used a longitudinal design to evaluate deter- 
minants of OP development over time. We limited our 
sample to participants that were allocated to youth health- 
care teams participating in the control condition. In the 
control condition, all parents (N = 3,942) were requested 
to fill in and return a baseline questionnaire at enrollment 
(child age five), which assessed socio-demographic charac- 
teristics, family environment and parent-perceived PE and 
the duration of OP (2007-2010). Specific variables of fam- 
ily environment were based on established theories, such 
as social cognitive theory (e.g., self-efficacy) [15], theory of 
planned behavior (e.g., intention, attitudes) [16], and social 
leaning theory (e.g., modeling of spouses and parents) 
[17]. Variables of perceived PE were based on promising 
results of earlier studies evaluating the influence of the 
environment on children's health behavior (e.g., presence 
of sidewalks, parent perceived safety) [18]. 

At age seven, duration of OP was assessed again by 
questionnaire. Records with missing data on the outcomes 
of interest (i.e. OP at age five and seven, n = 1,895) were 
excluded from the analyses. By doing so, the population 
for analysis consisted of N = 2,007 parents and children. 



Measurements 

Socio-demographic characteristics 

The child's gender, age (in years) and ethnic background 
were assessed. Child's ethnic background was consid- 
ered to be "non-Dutch" when at least one of the parents 
was born abroad, as defined by Statistics Netherlands. 
Height and weight of the child were measured at age 
five by healthcare professionals using standardized 
protocols [19]. 

Respondents were either the father or the mother of 
the child, and parental gender was entered as a potential 
confounder in subsequent analyses. From this point on- 
wards, respondent will be described as "parent." Parental 
age and parental education (low, mid-low, mid-high, high) 
were assessed in the baseline questionnaire [20] . 

Family environment and physical environment 

A full description of constructs, construct properties, 
items and response scales is presented in the Additional 
file 1: Table SI. 

Child outside play 

OP was defined by the total duration of unstructured 
OP of the child in an average week. Note that this is 
without organized sports, school PE and/or active trans- 
port. At both baseline (child age five) and two-year 
follow-up (child age seven), OP was assessed using an 
identical set of questions. Total duration of OP was 
therefore computed in a similar way for both time 
points, as presented below. 

First, parents were asked how many weekdays and 
weekend days in an average week their child played out- 
side. Second, parents were asked to indicate the average 
duration in the morning, noon and evening that their 
child played outside, again separately for weekdays and 
weekend days. We computed total minutes of OP in the 
morning, noon and evening. Responses were multiplied 
by the indicated number of days that the child played 
outside, separately for weekdays and weekend days. Fi- 
nally, we summed weekdays and weekend days in order 
to arrive at the average minutes of OP. We used the date 
on which the questionnaire was completed to classify 
the season (i.e. winter, spring, summer and autumn) of 
both OP at age five and seven. Season was then used as 
a confounder in all subsequent analyses. 

Statistical analysis 

Characteristics of the population for analysis at child 
age five were evaluated with descriptive statistics. As 
PA levels have shown to considerably differ between 
boys and girls [21], we explored this potential gender 
difference with chi-square tests and t-tests for categor- 
ical and continuous levels of measurements, respect- 
ively. Based on the results described in Table 1, we 
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Table 1 Baseline characteristics at child age five years 





Total (n = 2007) 


Boys (n = 1013) 


Girls (n =994) 


Child socio-demographics 


Age at baseline; mean years (sd) (missing n = 6) 


5.75 (0.42) 


5.77 (0.42) 


5.72 (0.41) 


Ethnic background; n Dutch (%) (missing n = 27) 


1804 (91.10) 


996 (98.61) 


974 (98.38) 


BMI; mean kg/m 2 (sd) (missing n = 6) 


15.39 (1.47) 


15.42 (1.35) 


15.36 (1.59) 


Average minutes of outside play; mean (sd) (missing n =0) 


108.99 (65.01) 


112.72 (65.86) 


104.72 (63.41) 


Outside play > 60 minutes per day, n (%) (missing =0) 


76.3 


78.9 


73.6 


Parental socio-demographics 


Age; mean years (sd), in years (missing n = 6) 


37.14 (4.38) 


37.07 (4.37) 


37.21 (4.40) 


Gender; n male (%) (missing n = 7) 


1 79 (9.00) 


94 (9.31) 


85 (8.59) 


Ethnic background; n Dutch (%) (missing n = 1) 


1 909 (95.20) 


996 (97.67) 


943 (96.38) 


Education level; n (%) (missing n = 1) 


Low 


50 (2.50) 


23 (2.27) 


27 (2.72) 


Mid-low 


288 (14.40) 


142 (14.03) 


146 (14.69) 


Mid-high 


902 (45.00) 


463 (45.75) 


439 (44.16) 


High 


766 (38.20) 


384 (37.94) 


382 (38.43) 


BMI; mean kg/m 2 (sd) (missing n = 32) 


23.94 (7.98) 


24.11 (10.65) 


23.77 (3.60) 


Family environment 


Parental attitude; meanscore (sd) (missing n = 16) 


3.61 (1.05) 


3.60 (1 .06) 


3.62 (1.04) 


Family attitude; meanscore (sd) (missing n = 42) 


2.76 (1 .04) 


2.73 (1 .04) 


2.79 (1.04) 


Self-confidence; n agree (%) (missing n = 86) 


1021 (53.10) 


529 (54.37) 


492 (51.90) 


Perceived difficulty; n agree (%) (missing n = 53) 


220 (11.30) 


107 (10.81) 


113 (11.72) 


Habit strength; n agree (%) (missing n = 30) 


1607 (81.30) 


836 (83.52) 


771 (79.00) 


Intention to improve; n agree (%) (missing n = 51) 


881 (45.00) 


438 (44.20) 


443 (45.91) 


Monitoring; n frequent (%) (missing n = 7) 


1565 (78.30) 


794 (78.69) 


711 (77.80) 


Active encouragement; n frequent (%) (missing n = 12) 


1639 (82.60) 


822 (82.28) 


817 (82.86) 


Child autonomy; n frequent (%) (missing n = 18) 


421 (21.10) 


215 (21.39) 


206 (20.81) 


Perception of outside play; n more (%) (missing n = 42) 


539 (27.40) 


295 (29.65) 


244 (25.15) 


Presence of rules; % with rules (missing n = 1 1 8) 


814 (43.10) 


425 (44.69) 


389 (41.47) 


Modelling parent, mean days PA (sd) (missing n = 169) 


4.49 (2.10) 


4.49 (2.12) 


4.49 (2.08) 


Modelling partner, mean days PA (sd) (missing n = 157) 


4.83 (2.27) 


4.83 (2.30) 


4.81 (2.24) 


Modelling siblings, mean days PA (sd) (missing n = 266) 


6.58 (1.61) 


6.59 (1.62) 


6.56 (1.61) 


Perceived physical environment 


Traffic business; n agree (%) (missing n = 2) 


567 (28.30) 


279 (27.57) 


288 (29.00) 


Safety perception during daytime; n agree (%) (missing n = 11) 


1460 (73.10) 


751 (74.50) 


709 (71.76) 


Safety perception during evenings; n agree (%) (missing n = 17) 


1035 (52.00) 


543 (54.19) 


492 (49.80) 


Presence of sidewalks; n agree (%) (missing n = 1 1) 


1 365 (68.40) 


701 (69.47) 


664 (67.27) 


Friendliness for children; n agree (%) (missing n = 10) 


1661 (83.20) 


847 (84.11) 


814 (82.22) 


Attractiveness for children; n agree (%) (missing n = 14) 


1502 (75.20) 


763 (75.84) 


739 (74.50) 


Opportunities for outside play; n agree (%) (missing n = 16) 


1390 (69.70) 


703 (69.81) 


687 (69.60) 


Safety without supervision; n agree (%) (missing n = 1 2) 


1093 (54.80) 


557 (55.42) 


537 (54.09) 



Chi-square for categorical variables and t-test for continuous variables, Numbers printed in bold represent p < 0.05. 



decided not to stratify our subsequent analyses for child 
gender, as no significant differences were found for the 
predictors. 

We fitted general linear regression models with pre- 
dictors at child age five as independent variables and 
OP of the child at age five as the dependent variable. 



First, we tested univariate associations between each 
predictor and OP. Relevant predictors (p < 0.10) were 
entered in separate models per category of predictors, 
namely socio-demographic characteristics (Model 1), 
family environment (Model 2) and perceived PE (Model 
3). In Model 4, all predictors were entered simultaneously. 
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In all models, season at child age five was added as a 
confounder. 

We fitted linear regression models between OP at age 
seven as the dependent variable and selected predictors 
at child age five as independent variables. Season at age 
seven was entered as a confounder. All variables were 
selected and further entered in the model in a similar 
way as described for the cross-sectional analyses. 

Linear mixed models were used to evaluate the influ- 
ence of the family and perceived PE on the development 
of OP over two years. We entered OP at five and seven 
(additional row for a repeated observation), with season 
at age five and seven entered as a random effect. To in- 
vestigate the influence of predictors on the development 
of OP (i.e. change over time) we computed time in years 
to follow-up by subtracting child age at follow-up from 
child age at baseline. Subsequently, we modeled interac- 
tions between "time to follow-up" and individual predic- 
tors to evaluate whether there were associations between 
the predictor and OP development between child age 
five and seven. We again selected these predictors based 
on univariate associations. 

Drop-out analyses were performed by means of t-tests 
for continuous socio-demographic variables (child age, 
child BMI and parental BMI) and chi-square tests for cat- 
egorical variables (child gender, child ethnic background, 
parental ethnic background and parental educational 
level). All analyses were performed with SPSS version 
20.0 (IBM Corp., NY, USA). Multi-collinearity seemed 
to be a minor issue, as all individual predictors showed 
variance inflation factors of < 10 [22]. 

Results 

Baseline characteristics 

Table 1 shows the characteristics of the study population 
at baseline. Of the children, 50.5% were boys and 49.5% 
were girls. Children were predominantly of Dutch ethnic 
background (91.1%). Boys were older than girls and en- 
gaged in more minutes of OP than girls. In total, 76.3% of 
the children engaged in 60 or more minutes of OP per day 
(i.e. met the WHO guideline of PA). Respondents were 
predominantly mothers (91.0%), and 95.2% were of Dutch 
ethnic background. Regarding family environment of the 
participating children, only 11.3% perceived improving 
their OP as difficult. Regarding perceived PE, parents 
of boys perceived more safety in the evening compared 
to parents of girls. 

Compared to children with missing data, the population 
for analysis consisted of a higher percentage of children 
with a Dutch ethnic background, a higher percentage of 
parents with a Dutch ethnic background and a higher 
percentage of high education parents (all p < 0.05). This 
means that relatively lower educated parents were more 
likely to have one or more missing values on their OP. 



Associates of OP at child age five 

Table 2 shows the cross-sectional associations between 
predictors at child age five and OP at child age five. Par- 
ental self-confidence, traffic business and the presence of 
sidewalks in the neighborhood showed a non-significant 
univariate association with OP (p > 0.10) and were there- 
fore not included in the models. 

The socio-demographic variables explained 13% of the 
variance in OP. Two variables were consistently related 
to OP: child age and child BMI. Specifically, a one-year 
increment in child's age at baseline was associated with a 
13.56-minute increase in OP per day. 

Family environment variables explained 27% of the 
variance in OP at age five. Parents who indicated diffi- 
culty towards improving OP reported their child to play 
outside 16.33 (95% CI = -26.41 to -6.26) minutes less 
per day. Parents with a habit towards improving OP re- 
ported 33.41 (95% CI = 25.05 to 41.77) more minutes of 
OP. The presence of rules regarding OP was associated 
with 19.87 (95% CI = 13.44 to 26.30) more minutes of 
OP. Parents of children that indicated intention to im- 
prove their child's OP reported 12.83 (95% CI = -19.73 
to -5.92) less minutes of OP. 

Perceived PE together explained 10% of the variance 
in OP at age five. No variables within perceived PE were 
significantly related with OP at child age five. 

Associates of OP at child age seven 

Table 3 shows longitudinal associations between predic- 
tors at child age five and OP at child age seven. Child 
and parental ethnic background, parental BMI, parental 
self-confidence, traffic business in the neighborhood and 
the presence of sidewalks in the neighborhood showed a 
non-significant univariate association with OP (p > 0.10) 
and were therefore not included in the models. 

Socio-demographic variables explained 10% of the 
variance in OP at age seven. Only education was consist- 
ently related with OP (p < 0.05); parents with high edu- 
cation reported their child to play outside 28.40 minutes 
less (95% CI = -55.66 to -1.14) compared to parents 
with low education. 

Family environment variables together explained 15% of 
the variance in OP at age seven. Parents who indicated 
difficulty towards improving OP reported 22.11 (95% 
CI = -33.41 to -10.81) less minutes of OP. Parents with a 
habit towards improving OP reported 23.99 (95% CI = 
14.61 to 33.61) more minutes of OP. The presence of rules 
regarding OP was associated with 16.46 (95% CI = 9.26 
to 23.67) more minutes of OP. Parental active encourage- 
ment at child age five was associated with 8.91 (95% 
CI = -17.33 to -0.48) less minutes of OP at child age seven. 

Perceived PE together explained 6% of the variance in 
OP at age seven. No variables within perceived PE were 
significantly related with OP at child age seven. 
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Table 2 Linear regression models examining factors related to child outside play at age five (min/day) 





Model 1 


Model 2 


Model 3 


Model 4 




beta (95% CI) 


beta (95% CI) 


beta (95% CI) 


beta (95% CI) 


n 


1940 


1390 


1968 


1337 


Socio-demographics 


Child age at baseline 


14.42 (6.71 to 22.14) 






13.61 (5.13 to 22.08) 


Child gender; boy 


6.52 (1.12 to 11.91) 






4.07 (-1 .79 to 9.93) 


Child ethnic background; Dutch 


1.79 (-11.99 to 15.57) 






-4.45 (-20.26 to 11.36) 


Child BMI 


2.1 1 (0.25 to 3.96) 






2.00 (-0.22 to 4.21) 


Parental age at baseline 


-0.62 (-1.28 to 0.03) 






-0.33 (-1.08 to 0.42) 


Parental ethnic background; Dutch 


22.94(4.74 to 41.14) 






11.34 (-11.12 to 33.80) 


Parental BMI 


0.26 (-0.08 to 0.60) 






1.14 (0.26 to 2.02) 


Parental education level 


Low 


reference 






reference 


Mid-low 


15.61 (-7.34 to 38.55) 






15.64 (-21.27 to 52.56) 


Mid-high 


7.82 (-14.40 to 30.04) 






10.35 (-25.97 to 46.67) 


High 


-3.90 (-26.26 to 18.46) 






-2.04 (-38.45 to 34.37) 


Family environment 1 


Parental attitude (agree) 




-4.32 (-8.01 to -0.63) 




-3.78 (-7.46 to -0.10) 


Family attitude (agree) 




-2.30 (-6.15 to 1.55) 




-2.41 (-6.27 to 1.46) 


Perceived difficulty (agree) 




-18.06 (-28.12 to -8.00) 




-16.33 (-26.41 to -6.26) 


Habit strength (agree) 




33.89 (25.52 to 42.75) 




33.41 (25.05 to 41.77) 


Intention to improve (agree) 




-10.81 (-17.64 to -3.98) 




-12.83 (-19.73 to -5.92) 


Presence of rules 




23.98 (17.60 to 30.36) 




19.87 (13.44 to 26.30) 


Presence of monitoring 




4.90 (-2.90 to 12.70) 




4.87 (-2.97 to 12.71) 


Presence of active encouragement 




-5.26 (-12.71 to 2.19) 




-3.00 (-10.48 to 4.48) 


Child autonomy (agree) 




12.16 (3.83 to 20.49) 




11.66 (3.30 to 20.02) 


Modelling parent (#days physically active) 




0.88 (-0.63 to 2.39) 




0.58 (-0.95 to 2.10) 


Modelling partner (#days physically active) 




0.39 (-0.99 to 1.78) 




0.84 (-0.58 to 2.25) 


Modelling siblings (#days physically active) 




5.01 (3.02 to 6.99) 




4.82 (2.81 to 6.83) 


Perceived physical environment 1 


Safety perception during daytime (agree) 






-0.81 (-9.67 to 8.05) 


0.20 (-9.54 to 9.94) 


Safety perception during evenings (agree) 






11.82 (4.89 to 18.74) 


5.21 (-2.15to 12.58) 


Friendliness for children (agree) 






4.43 (-6.52 to 15.37) 


-2.63 (-14.53 to 9.27) 


Attractiveness for children (agree) 






0.84 (-9.03 to 10.72) 


-2.79 (-13.43 to 7.85) 


Safety of outside play without supervision (agree) 






1.91 (-4.99 to 8.81) 


-0.40 (-7.89 to 7.09) 


R-square 2 


0.13 


0.27 


0.10 


0.31 



1 For details on the measures used see Additional file 1: Table SI. 

2 R square statistic represents the level of variance explained by the general linear model. 

Note: numbers printed bold represent a statistically significant (p < .05) association between the predictor and child outside play at five years old. 



Associates of OP development between child age five 
and seven 

Child age, child and parental ethnic background, paren- 
tal attitude, family attitude, intention to improve, the 
presence of rules and positive modeling of siblings were 
included in the models, presented in Table 4, as these 
variables showed significant univariate associations (i.e. 
p > 0.10). This means that none of the variables within 
perceived PE were related to OP (i.e. change between 
child age five and seven). 



Regarding socio-demographic variables, child age at 
baseline was related to a significant change in OP be- 
tween baseline and follow-up (Table 4; p<0.05). This 
was possible as all children were not precisely five years 
old at baseline. This means that a higher child age was re- 
lated to higher engagement in OP at baseline, but that this 
attenuated significandy over time. 

Regarding family environment, the intention to improve 
OP and the presence of rules were both associated with 
a decrease of OP over time compared to baseline (i.e. 
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Table 3 Linear regression models examining factors related to child outside play at age seven (min/day) 





Model 1 


Model 2 




Model 3 


Model 4 




beta (95%CI) 


beta (95%CI) 




beta (95%CI) 


beta (95%CI) 


n 


1994 


1390 




1968 


1363 


Socio-demographics 


Child age at baseline 


7.98 (0.88 to 15.09) 








4.65 (-3.50 to 12.79) 


Child gender; boy 


8.51 (2.68 to 14.34) 








6.36 (-0.20 to 12.93) 


Child BMI 


1.21 (-0.79 to 3.21) 








1.72 (-0.72 to 4.16) 


Parental age at baseline 


-0.85 (-1.55 to -0.15) 








-0.41 (-1.23 to 0.41) 


Parental education level 


Low 


reference 








reference 


Mid-low 


1 7.59 (-2.34 to 37.52) 








8.87 (-19.62 to 37.35) 


Mid-high 


-1.73 (-20.66 to 17.20) 








-8.25 (-35.67 to 19.17) 


High 


-19.50 (-38.58 to -0.41) 








-26.63 (-54.10 to 0.84) 


Family environment 1 


Parental attitude (agree) 




-3.80 (-7.97 to 0.37) 






-3.97 (-8.08 to 0.15) 


Family attitude (agree) 




-3.22 (-7.57 to 1.13) 






-2.87 (-7.19 to 1.45) 


Perceived difficulty (agree) 




-24.44 (-35.81 to -13.06) 






-22.1 1 (-33.41 to 
-10.81) 


Habit strength (agree) 




25.19 (15.72 to 34.67) 






23.99 (14.61 to 33.36) 


Intention to improve (agree) 




-1.12 (-8.84 to 6.60) 






-2.88 (-10.57 to 4.81) 


Presence of rules 




21.49 (14.28 to 28.69) 






16.46 (9.26 to 23.67) 


Presence of monitoring 




2.97 (-5.83 to 1 1 .78) 






5.30 (-3.42 to 14.02) 


Presence of active encouragement 




-10.82 (-19.25 to -2.39) 






-8.91 (-17.33 to -0.48) 


Child autonomy (agree) 




5.48 (-3.95 to 14.90) 






4.80 (-4.59 to 14.19) 


Modelling parent (#days physically active) 




0.50 (-1.21 to 2.20) 






0.45 (-1.24 to 2.15) 


Modelling partner (#days physically active) 




1 .49 (-0.07 to 3.05) 






1 .85 (0.27 to 3.42) 


Modelling siblings (#days physically active) 




1.06 (-1.18 to 3.30) 






1 .27 (-0.99 to 3.52) 


Perceived physical environment 1 


Safety perception during daytime (agree) 






-3.57 (- 


-13.24 to 6.10) 


2.88 (-8.03 to 13.79) 


Safety perception during evenings (agree) 






8.68 (1.18 to 16.19) 


3.54 (-4.68 to 1 1 .76) 


Friendliness for children (agree) 






4.63 (- 


-7.31 to 16.57) 


-5.57 (-18.66 to 7.72) 


Attractiveness for children (agree) 






4.88 (- 


-5.89 to 15.64) 


3.21 (-8.62 to 15.05) 


Safety of outside play without supervision 
(agree) 






3.93 (- 


-3.57 to 11.43) 


0.1 2 (-8.22 to 8.47) 


R-square 2 


0.10 


0.15 




0.06 


0.20 



1 For details on the measures used see Additional file 1: Table SI. 

2 R square statistic represents the level of variance explained by the general linear model. 

Note: numbers printed bold represent a statistically significant (p < .05) association between the predictor and child outside play at five years old. 



Table 2). This means that modeling of sibling was re- 
lated to higher engagement in OP at baseline, but that 
this attenuated significantly over time. 

Discussion 

This study has shown that family environment was the 
strongest construct of variables predicting OP, compared 
to socio-demographic characteristics and perceived PE. 
More specifically, this study has demonstrated that habit 
strength and the presence of rules were positive, strong 
and stable predictors of OP over time. Positive modeling 



by siblings and child age at baseline were also positive 
predictors. In contrast, parent perceived difficulty in im- 
proving OP was a negative (i.e. related to less minutes of 
OP), relatively strong and stable predictor of OP over 
time. 

As this study focused on unstructured OP, results are 
not generalizable to organized sports, school PE and/or 
active transport PA. Therefore, one should be cautious 
in directly relating an increase in OP with more PA en- 
ergy expenditure (PAEE) and the accompanied benefits 
regarding childhood obesity. However, considering the 
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Table 4 Linear mixed models examining factors related to child outside play development between age five and seven 
(min/day) 





Adjusted effect* at baseline 


Adjusted effect* at 2 years follow-up 


p for time interaction 


n = 1552 








Socio-demographics 


Child age at baseline 


26.17 (19.19 to 33.14) 


5.71 (-2.57 to 13.99) 


< 0.01 


Child ethnic background; Dutch 


-3.03 (-18.47 to 12.40) 


-1.22 (-18.73 to 16.28) 


0.86 


Parental ethnic background; Dutch 


21.28 (0.56 to 42.00) 


8.19 (-15.79 to 32.17) 


0.36 


Family environment 1 


Parental attitude (agree) 


-5.83 (-9.32 to -2.34) 


-5.74 (-9.95 to -1.52) 


0.97 


Family attitude (agree) 


-5.07 (-8.67 to -1.47) 


-3.59 (-7.88 to 0.70) 


0.56 


Intention to improve (agree) 


-11.33 (-18.01 to -4.66) 


-4.34 (-12.15 to 3.46) 


0.14 


Presence of rules 


29.71 (23.89 to 35.54) 


23.85 (1 7.04 to 30.66) 


0.15 


Modelling siblings (#days physically active) 


7.56 (5.76 to 9.36) 


3.95 (1.87 to 6.03) 


< 0.01 



1 For details on the measures used see Additional file 1: Table SI, * Adjusted for season, age at baseline and follow-up. Adjusted effects are not exactly equal to 
results in Tables 2 and 3 because of differences in included covariates, and model specifications. 

Note: numbers printed bold represent statistically significant associations between the predictor and child outside play. 



various benefits of OP (e.g., increased PA, motor abilities 
and social skills), it may contribute to an improved general 
health status of the child over time. 

This study has found no relationship between perceived 
PE and OP, which is in line with a cross-sectional study 
among 4- to 12-year-old children [13] and a longitudinal 
study among 5- to 6-year-old children [14]. Hypothetic- 
ally, an explanation for this may be that parents have other 
perceptions regarding PA opportunities in their neigh- 
borhood than their children, which may also explain the 
relatively weak associations regarding attractiveness, 
child friendliness and traffic busyness. Therefore, future 
studies are urged to assess both parental and children's 
motives for OP. Another explanation may be that attri- 
butes of perceived PE are moderated or mediated by 
family environment. Future studies are encouraged to 
investigate these mechanisms. 

Our study has found that a positive parental attitude 
and family attitude were related to less time spent on 
OP. An explanation for this contra-intuitive finding may 
be that some parents in the present study perceived that 
their child needed more PA or OP and these parents 
had the intention to improve but were unable to achieve 
this yet compared to other children [23]. Another ex- 
planation may be that reverse causation played a role 
here, as parents may consider their OP as sufficient and 
therefore did not think their child could/should improve 
on this. In addition, active parental encouragement to- 
wards improving OP was related to less OP over time, 
which may be explained by the possibility that active 
encouragement conflicts with the self-regulatory char- 
acter of OP. It may be suggested that facilitation and 
providing autonomy may be more effective in promoting 
OP in children. 



Our positive association regarding parental rules and 
duration of OP were not in line with the findings of Sallis 
et al. [22]. Discrepancy in the formulation of rules may 
explain this as Sallis et al. formulated rules merely re- 
lated to the discouragement of OP (e.g., do not play 
rough games), while this study solely asked for the pres- 
ence of rules regarding OP. 

This study has demonstrated a negative association be- 
tween parent-perceived difficulty in improving their child's 
OP and OP at child age five and seven. This indicates that 
parents are able to indicate difficulties, and that the pres- 
ence of these difficulties was indeed associated with rela- 
tively low levels of OP. Future studies should investigate 
these difficulties more thoroughly to identify what the 
exact difficulties are that parents are struggling with (e.g., 
time constraints, child's friends to play with, etc.). 

Strengths and weaknesses 

A strength of the present study is its longitudinal design, 
including a relatively large sample. In addition, this study 
assessed PA through a whole year, subsequently adjusting 
for the effect of seasonality. The present study's selective 
analytical approach resulted in sufficient model stability. 
This can be seen in the stability of parameters across 
model-variations (e.g., stability of parental age between 
models 1 and 4 of Table 2) and the relatively large sam- 
ple size. In addition, multi-collinearity seemed to be a 
minor issue, as all individual predictors showed variance 
inflation factors of < 10 [24]. 

Our drop-out analyses showed that relatively lower 
educated parents were more likely to have one or more 
missing values on their OP. This may be due to misunder- 
standing the Dutch translation of "OP" or the relative 
complexity of the question assessing OP. In addition, as 
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we are aware that in some of our cross-sectional results 
reversed causation may have played a role, we urge future 
studies to use longitudinal designs in order to unravel this, 
especially regarding the relationship between parental and 
family attitude and OP. 

To date, OP can only be assessed by parental report, 
as often-used single objective measurements (e.g., accel- 
erometers or heart-rate monitors) cannot distinguish 
OP from other types of PA. However, future studies need 
to assess OP using objective measures. In this regard, spe- 
cial attention should be directed towards combining global 
positioning system (GPS), GIS, and accelerometers, whose 
methodologies yield an objective assessment of domain- 
specific PA [25,26]. 

The present study used parental perception of their PE 
while nowadays more detailed objective assessment of 
the environment is also available: for example, with the 
use of geographic information systems (GIS) [27]. Studies 
that directly compared objective and perceived PE suggest 
that these two concepts are different but interrelated 
[18,28,29]. Although studies using perceived physical 
environment have shown relatively weak associations 
with objective PA [30,31], consistency was higher when 
PA was also measured by parental reports [18]. This is 
supported by several conceptual frameworks, which pos- 
tulate that perceived PE may be a more proximal function 
of the objective environment [28,29], as the influence of 
objective PE is moderated by personal factors and selective 
daily mobility [32,33]. Therefore, future studies need to 
include both objective and subjective measures of PE to 
unravel these phenomena. 

Regarding the relative contribution of OP to total 
PA, only one study estimated the proportion of moder- 
ately to vigorously intense PA (MVPA) during OP in 
special playgrounds adapted to promote PA, and re- 
ported that approximately 35% of the time spent in OP 
was MVPA [34]. Future studies are therefore also en- 
couraged to quantify the contribution of OP to total 
physical activity energy expenditure. Irrespective of the 
intensity of OP, approximately 76% of the children en- 
gaged in > 60 minutes of OP. As this may be higher 
than other studies, the present results may be limited 
in their generalizability. 

Conclusion 

Although other studies reported that the attributes of per- 
ceived PE are associated with a child's PA behavior, this 
study has revealed that family environment overpowers 
these attributes of perceived PE at child age five and 
seven. This means that a supportive family environment 
is the key determinant of regular OP. Future studies are 
encouraged to investigate the potential moderating role 
of family environment in the relationship between per- 
ceived PE and OP. 



More specifically, this study has demonstrated that the 
presence of parental rules and parental habit strength 
was associated with more OP, and perceived difficulty 
was associated with less OP. As these relationships were 
stable over two years, future interventions to increase 
OP should parents to set clear rules about OP and sub- 
sequently foster habit formation regarding OP. Future 
studies should also implement qualitative methods to 
investigate reasons behind, among others, the parental 
perception of difficulty to improve OP. These studies 
may provide interesting insights for the development of 
evidence-based intervention programs supporting par- 
ents to promote OP. 

Additional file 



Additional file 1: Table SI. Items assessing family and physical 
environment with regard to child outside play engagement. 



Competing interests 

All authors declare that they have no competing interests. 
Authors' contributions 

HR, RH, and CR originated the idea for the study and its design and were 
responsible for acquiring the grant for the study. AG acquired the data. TR 
drafted the manuscript and performed the statistical analyses. SB and AG 
critically reviewed the statistical analyses and interpretation. All authors 
critically read and approved the final manuscript. 

Acknowledgements 

This study is funded by a grant from the major funding body ZonMW, the 
Netherlands Organization for Health Research and Development (project no. 
50-501 10-98). All authors declare that they have no competing interests. 

Author details 

1 Department of Public Health, Erasmus MC University Medical Center, P.O. 
Box 2040, 3000 Rotterdam, CA, The Netherlands, department of Public and 
Occupational Health, EMGO Institute of Health and Care Research, VU 
University Medical Center Amsterdam, Amsterdam, The Netherlands, 
'institute of Health Sciences, Faculty of Earth and Life Sciences, EMGO 
Institute of Health and Care Research, VU University Amsterdam, Amsterdam, 
The Netherlands. 4 Department of Epidemiology, CAPHRI School for Public 
Health and Primary Care, Maastricht University Medical Center+, Maastricht, 
The Netherlands. 

Received: 20 January 2014 Accepted: 2 June 2014 
Published: 16 June 2014 

References 

1. Brown WH, Pfeiffer KA, Mclver KL, Dowda M, Addy CL, Pate RR: Social and 
environmental factors associated with preschoolers' nonsedentary 
physical activity. Child Dev 2009, 80:45-58. 

2. Wickel EE, Eisenmann JC: Contribution of youth sport to total daily 
physical activity among 6-to 12-yr-old boys. Med Sci Sports Exerc 2007, 
39:1493. 

3. Hinkley T, Crawford D, Salmon J, Okely AD, Hesketh K: Preschool children 
and physical activity: a review of correlates. Am J Prev Med 2008, 
34:435-441. e437. 

4. Mackett RL, Lucas L, Paskins J, Turbin J: The therapeutic value of children's 
everyday travel. Transport Res A-Pol 2005, 39:205-219. 

5. Page A, Cooper A, Griew P, Davis L, Hillsdon M: Independent mobility in 
relation to weekday and weekend physical activity in children aged 
10-1 1 years: the PEACH project. Int J Behav Nutr Phys Act 2009, 6:2. 

6. Barlow SE, Dietz WH: Obesity evaluation and treatment: expert 
committee recommendations. Pediatrics 1998, 102:e29. 



Remmers et al. International Journal of Behavioral Nutrition and Physical Activity 2014, 1 1:76 
http://www.ijbnpa.Org/content/1 1/1/76 



Page 9 of 9 



7. Burdette HL, Whitaker RC: Resurrecting free play in young children: step forward for environmental exposure assessment, a step backward 
looking beyond fitness and fatness to attention, affiliation, and affect. for causal inference? Health Place 2013, 21:46-51. 

Arch Pediat Adol Med 2005, 1 59:46. 33. Spence JC, Lee RE: Toward a comprehensive model of physical activity. 

8. Holloway 5D, Reichhart-Erickson M: The relationship of day care quality to Psychol Sport Exerc 2003, 4:7-24. 

children's free-play behavior and social problem-solving skills. Early Child 34. Bakker I, de Vries S, van den Bogaard C, van Hirtum W, Joore J, Jongert M: 
Res 0 1988, 3:39-53. Playground van de Toekomst, Succesvolle Speelplekken voor Basisscholieren. 

9. Blatchford P, Baines E, Pellegrini A: The social context of school Leiden: TNO; 2008. 
playground games: sex and ethnic differences, and changes over time 
after entry to junior school. Brit J Dew Psychol 2003, 21:481 -505. 

10. Little H, Wyver S: Outdoor play: does avoiding the risks reduce the 
benefits? AustJ Early Child 2008, 33:33-40. 

1 1. Stratton G: Promoting children's physical activity in primary school: an 
intervention study using playground markings. Ergonomics 2000, 
43:1538-1546. 

1 2. Sallis J, Prochaska J, Taylor W: A review of correlates of physical activity of 
children and adolescents. Med Sci Sports Exerc 2000, 32:963-975. 

13. Aarts M, Wendel-Vos W, van Oers HAM, van de Goor 1AM, Schuit AJ: 
Environmental determinants of outdoor play in children: a large-scale 
cross-sectional study. Am J Prev Med 2010. 39:212-219. 

14. Cleland V, Timperio A, Salmon J, Hume C, Baur LA, Crawford D: Predictors 
of time spent outdoors among children: 5-year longitudinal findings. 
J Epidemiol Commun H 2010, 64:400-406. 

1 5. Bandura A: Social cognitive theory: an agentic perspective. Ann Rev 
Psychol 2001,52:1-26. 

16. Ajzen I: The theory of planned behavior. Organ Behav Hum Decis Process 
1991, 50:179-211. 

1 7. Rosenstock IM, Strecher VJ, Becker MH: Social learning theory and the 
health belief model. Health Educ Behav 1988, 15:175-183. 

18. Ding D, Sallis JF, Kerr J, Lee S, Rosenberg DE: Neighborhood environment 
and physical activity among youth: a review. Am J Prev Med 201 1, 
41 :442-455. 

19. Hirasing RA, Bulk-Bunschoten AMW, Renders CM: Youth Health Care 
Overweight Prevention Protocol. In Book Youth Health Care Overweight 
Prevention Protocol. City: VU Medisch Centrum; 2005. 

20. Statistics Netherlands: Dutch Standard Classification of Education 2003. 
Voorburg/Heerlen, Netherlands: Statistics Netherlands; 2004. 

21. Trost SG, Pate RR, Sallis JF, Freedson PS, Taylor WC, Dowda M, Sirard J: Age 
and gender differences in objectively measured physical activity in 
youth. Med Sci Sports Exerc 2002, 34:350-355. 

22. Sallis JF, Nader PR, Broyles SL, Berry CC, Elder JP, McKenzie TL, Nelson JA: 
Correlates of physical activity at home in Mexican-American and 
Anglo-American preschool children. Health Psychol 1993, 12(5)390-398. 

23. Prochaska JO, DiClemente CC: Stages and processes of self-change of 
smoking: toward an integrative model of change. J Consult Clin Psych 
1983, 51:390. 

24. Kutner MH, Nachtsheim C, Neter J: Applied Linear Regression Models. New 
York: McGraw-Hill/lrwin; 2004. 

25. Giles-Corti B, Timperio A, Bull F, Pikora T: Understanding physical activity 
environmental correlates: increased specificity for ecological models. 
Exerc Sport Sci Rev 2005, 33:1 75-1 81 . 

26. De Bourdeaudhuij I, Sallis JF, Saelens BE: Environmental correlates of 
physical activity in a sample of Belgian adults. Am J Health Promot 2003, 
18:83-92. 

27. Maddison R, Mhurchu CN: Global positioning system: a new opportunity 
in physical activity measurement. Int J Behav Nutr Phys Act 2009, 6:73. 

28. Kremers SP, De Bruijn G-J, Visscher TL, Van Mechelen W, De Vries NK, Brug J: 
Environmental influences on energy balance-related behaviors: a 
dual-process view. Int J Behav Nutr Phys Act 2006, 3:9. 

29. Pikora T, Giles-Corti B, Bull F, Jamrozik K, Donovan R: Developing a 
framework for assessment of the environmental determinants of walking 
and cycling. 5oc Sci Med 2003, 56:1693-1703. 

30. Prins RG, Oenema A, van der Horst K, Brug J: Objective and perceived 
availability of physical activity opportunities: differences in associations 
with physical activity behavior among urban adolescents. Int J Behav Nutr 
Phys Act 2009, 6:70. 

31. Maddison R, Hoorn SV, Jiang Y, Mhurchu CN, Exeter D, Dorey E, Bullen C, 
Utter J, Schaaf D, Turley M: The environment and physical activity: the 
influence of psychosocial, perceived and built environmental factors. Int 
J Behav Nutr Phys Act 2009, 6:19. 

32. Chaix B, Meline J, Duncan S, Merrien C, Karusisi N, Perchoux C, Lewin A, 
Labadi K, Kestens Y: GPS tracking in neighborhood and health studies: a 



doi:1 0.1 1 86/1 479-5868-1 1 -76 

Cite this article as: Remmers et at: A longitudinal study of children's 
outside play using family environment and perceived physical 
environment as predictors. International Journal of Behavioral Nutrition and 
Physical Activity 201 4 1 1 :76. 



Submit your next manuscript to BioMed Central 
and take full advantage of: 

• Convenient online submission 

• Thorough peer review 

• No space constraints or color figure charges 

• Immediate publication on acceptance 

• Inclusion in PubMed, CAS, Scopus and Google Scholar 

• Research which is freely available for redistribution 



Submit your manuscript at f \ n! _, ul _-| r Q r,tr=l 

www.biomedcentral.com/submit B,onne «« central 



V 



